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Cytoprotective effect of the processed Gardeniae Fructus on oxidative
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ABSTRACT

Objective : Gardeniae Fructus (GF) has bitter and cold nature, Thus, it has been traditionally prescribed in processed
form roasted with ginger juice for patients with a weak stomach, This study investigated the effects of processed GF
in tert-butyl hydroperoxide (tBHP)—treated gastric epithelial cells,

Methods : Processed GF was made by applying 40% ginger juice or 10% ethanol for 24 h and then roasting at 150C
for 5 minutes, Apoptosis was determined by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
assay. Mitochondrial membrane potential (MMP) was monitored by flow cytometry using the membrane permeable
fluorescent dye Rh123, Protein expression was measured by Western blot analysis,

Results : Cell viability was reduced by tBHP and restored by ethanol extract of GF (GFE). In the TUNEL assay, it
was found that cell death by tBHP was due to apoptosis, and GFE had an anti—apoptotic effect, Processed GF roasted
with ginger juice showed the best anti—apoptotic effect. Processed GF also inhibited MMP loss and restored tBHP—
induced changes in expression levels of apoptosis—related proteins, Increased ROS production and GSH depletion after
tBHP treatment were significantly reduced by processed GF, In addition, tBHP—induced activation of mitogen—activated
protein kinase (MAPK) was inhibited by processed GF,

Conclusion : These results demonstrate that the processed GF is able to protect gastric epithelial cells from oxidative
stress—induced cell death with antiapoptotic and antioxidant activity, In addition, it shows that the processing of

GF, which have been traditionally used for gastrointestinal protection, partially have scientific validity,
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1. Aok

(DMEM),
penicillin—streptomycin, fetal bovine serum (FBS)&
Gibco BRL (Grand Island, NY, USA)ol|A 43I}, In

Dulbecco’'s modified Eagle’s medium

situ cell death detection kit—POD+ Roche (Mannheim,
Germany)ollAl #4359 Rhodamine 123 (Rh123)2
Calbiochem (San Diego, CA, USA)oA G+ttt Western
blotoll AH&EH 1x} A EL Cell Signalling Technology
(Beverly, MA, USA)oj| A TFolshH L, 2,7 —
dichlorofluorescein diacetate (DCFH-DA)®} 3—(4,5—
dimethylthiazol—2—yl)—2, 5—diphenyltetrazolium bromide
(MTT)+= Sigma (St. Louis, MO, USA)o| A F+st4 Tt

2, AR A (&) HE 2 AGEFEE S

F2] AR (processed GF)= AEYFsFHT2H (A
She)oll A AT AR XAt RE2 AET 4 3
stal gof e AR FH5iT. &, A A
50 m¢ conical tube®] Z+zZF @11 2=} A=l 10% (0.8
ot T8 40% (3.2 mo)oll AFEE Fuo WAES
F U5 =33} orbital shaker (Biofree, Seoul, Korea)
HelA 150 rpm, 24X7F Bt Attt ReE AT
A2z 150TC A 52 &<t frying panollA] #2 5 A-2of4
Az3t HF 259 2] AAE #4389k, Frying pan®
22 HYM %4 (Fluke Co., WA, USA)E AH&-stod
150CE A8k,

NHEFEES SH5t7] Y8l F4=X XA (unprocessed
GF) ¥ 2%29] 4% 2R (processed GF) Z+ 8 gof 40 m¢ <)
etES Hrbste A2o|A 7247 & FEHY. &
N2 of7tx] (Whatman, No.2)2 oT5tal 60 + 27T A
3 A ZUsZ=7] (EYELA, Tokyo, Japan)Z %% & A
7hAE2 Azxstgd, B4R A&, ARE Be XA L
F4 BRE X Y HF &2 47 145 £ 0.78%,
14.9 + 0.24%, 14.9 + 0.86%RAth. &89 XA} oet&3
8 (GFE)Z -20TColA East Ag ol ARg-sF3T

3. Al=uj

AGS cell& American Type Culture Collection (ATCC,
Rockville, MD, USA)olA FY3tges 10% FBS, 100
units/m¢ penicillin®] Z3tE DMEM HjX|E o]-&3to] 37C<t
5% COy 27lA] Hi sttt AlZE 100 mo] v Aol A
80~90% AX29 confluenced] =E3== A el 3191
15 passagesE @7|A &2 AT AFof o]-shict,

4, MTT assay

ANEZ BEEE MIT assays &3l ZABFAT. AGS cell&
24 well plateoll 1x 10° cells/well2 EF5to] o] Z3tg
vkl x| ol A 24417k wjeFgh ThS 12 AJZF 59t @ 11ZhA|
Att. o]F AGS cellol] GFEE 50 ug/ml o] =& 24X7F
23+ 500 #M tBHPoY| 3A17F B2 o EAF T AE Al
2= 0.1 g/m¢ MTT §HE H7lste] 37CollA 2 A|7E B3
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[Cell viability (%)
= 100 X (absorbance of treated sample)/(absorbance
of control)],

5. TUNEL assay

AGS cell death7} DNA £ 2]t apoptosisol] &3t A
12 E 2¢lI3t7] 98] TUNEL FX-& A3stAtt, n situ
cell death detection kit—POD (Roche, Germany)E& A&
st A zALS] 2 Hof ule} TUNEL G5t o, W72
Z X 3,3 —diaminobenzidine tetrahydrochloride (DAB)<
A adit=g

6. Western blot analysis

A7 EF AEZE= radioimmunoprecipitation assay
(RIPA) buffer (1% NP—40, 1% sodium deoxycholate,
0.1% SDS, 25 mM Tris—HCl pH 7.6, 150 mM NaCl)E
Z7kske] 4 ColA 30 B59 lysisAlA whole cell lysateS
ZH|5}3th, BCA protein assay kit® T2 A 331
10%2] SDS—polyacrylamide gelo|A A7 G538}t Gel
Aro] il AS nitrocellulose membrane2 2 #o|stal, Yx;
FA =D OFAE WEAA F o=
chemiluminescence (ECL) reagent (Pierce
biotechnology, Rockford, 1L, USA)E AR&-5}o] &2ls}itt,

enhanced

7. Reactive oxygen species (ROS) 3

A2 W ROS 53L& 2444 9 2H4tst4=401 gh-3-6}od
dichlorofluorescein ¥%< AJAsH= DCFH-DAE ©]&3}
atk Ax7F 5" A2 10 M DCFH-DAE 30+ &<t
AN 7|3, PF vto]AZFH 0|E HE7|(Biotek Synergy
Htx, Winooski, VT, USA)E A}&3}loexcitation 485 nm,
emission 530 nm TN A FFFE=E AU

5% metaphosphoric acidE& H7}ste] &3)gt &,
(3,000 xg, 4T, 10 min)ste] WAL et A4EH
At GSH determination kit (Oxis
International Inc, Tampa, FL, USA)E ©]&3}4] 405 mm
oo A EgsHAT

= [e]
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9. Mitochondrial Membrane Potential (MMP)
33

MMPY] #3t= 9f B34 33 &2 Rh123F 0|85t
Z43t 9t A7 S4EE AlZo| Rh123 (0.05 mg/m)< 1
AIZE EQt EAERL, trypsing B9 A" AZE 1%
FBS7} H7hd PBS]l #-/A17A A Z247](BD Accuri C6
Plus, San Jose, CA, USA)Z Rh123 ¥ 7}w=9 ¥H3l=
23ttt o AME o 20,00071 9] MEE B4ttt

10, A& AA

2E A7 35 ol4 vk ANsigon AF ke A
* EEHAE UEYRY 94 HAEL 9=9& SPsS
ver, 28 T2 WL ALE35}19] one way analysis of variance
(ANOVA) #4& AAIston, pgtel 0,05 ulerel o 57
oz fositta BAgstgh
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1. tBHPE =% AGS AIZ EA49] d& GFEY
B3 53

9 B A ZFQ1 AGS cello| Al tBHP7} F23 AZ 54
s GFEZ} Rz awns w3stex Bt g8 24
A7} 2] AAE Aejsto] MTT assay= Elstsich
502 A3 GFE= A¥ % (50 ug/m) oA AEZ =%
UehA] ko w, tBHPR Qs At A2 JE2&S 3
A7l A5 B3, S 2AER vlas 2 A7
Hag JEd Fo F2 A&7 K54 (p € 0.05) H
A A BF anE Yeh it (Fig. 1).
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tBHPO] 93t A ZAJo] AZx}EAL] 7]Q15H=3] &<l
53 GFEZ}F M| ZAE AL el = &35 TUNEL assayS
F3l Felstatt. AGS Al Al tBHPO| &% TUNEL— %4
A Z(TUNEL—positive cell)9] 47} 2314 (p € 0.05) &
7kete] MEZAHAL] 9%t ME EAo] FEEISS & -
Q9ich (Fig. 2A). GFEX: tBHPo|| 93t MZAEALE oA
e 53tg Bgow, AYSS A ste] Eud ¢ A}
oA 7} 2L 429] TUNEL-%¥4 AlZ7} 1= 9t} (Fig.
2B). o]3 AIE= MTT assayS S8 AIZYEZES ZAGH
Aol X st AOE AAFS HER B $3 A9
St NE BS 53k & HojEr)
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Fig. 1. Effect of GFE on tBHP—induced cytotoxicity in AGS cells
Cells were treated with GFE (50 ug/m) for 24 h, and then cultured with or without tBHP (500 uM) for 3 h. Cell viability was determined

by MTT assay. Values are expressed as the mean + SD. The different letters (a—d) indicate significant differences (p ¢ 0.05).
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Fig. 2. Effect of GFE on tBHP—induced apoptosis in AGS cells
(A) Apoptotic cells were confirmed by TUNEL staining, and arrows indicate TUNEL—positive cells. (B) The number of TUNEL—positive cells

were counted and expressed as a fold value of control. Values are expressed as the mean * SD. The different letters (a—d) indicate
sianificant differences (p { 0.05).
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Fig. 3. Effect of GFE on the expression of apoptosis—associated proteins
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Cells were treated with GFE (50 ug/ml) for 24 h, and then cultured with or without tBHP (500 uM) for 3 h. The level of expression of the
apoptosis marker protein was monitored by Western blot analysis. Actin was used as a loading control. Bar graphs show the band density
of Western blot. Data represent the mean + SD of three separate experiments. The different letters (a—c) indicate significant differences

(0 ¢ 0.05).
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4, GFE7} ROS ¥t} A W GSH ZF4e] u|x|&=

a5y}

AGS M|z tBHPO 93l F==& A3t AEH 20 of
3 GFE7} o1 A &-83t=%] 2AFH7] $18) A2 W ROS<
GSH #=& zAbstgeh Controld}t Blmate] tBHPO 23
ROS7} 170.7 + 7.8% %22 3%alA WA= GSHE
78.0 + 2.1%= 743819t (Fig. 4). GFEX ROS9] AL
aA7)1A GSHE S7HIZ S 24 ArstedS Ve it
ROS9| ¢ 4] 2|2} 742 X|2pof| o) §-25 &4 2}
o|7} WA ot (Fig. 4A), GSHAAM = =4 X7t

T3] 2|Abe) v|E) 5251 GSH & S7HIAT, F43
A= 87.7 + 2.2%, WAL BRo 4 HAd 95 43
A= 742 97.3 £ 2.0%, 102.0 + 1.7%7H4] GSH $2&
S7HFR oM, ARSI 4 BE 2polof 9%t {2442 e
WA gkekot (Fig, 4B).

5. GFE7} Mitochondria membrane potential
(MMP)e]l u]x]+= &3}

ARSt AEF AR A EZY £FEH ROSE vEZE=EgoL £3t
A& W3A7]L MMPE W3 ¢ Ut 2 39X =
tBHP®] 23t ROS A3 Zo] MMP7} 23 H& 2153
o} (Fig. 5A). MMP7} #t¥] = o] F7}8k= M1 fraction <
A# R controlo|l Al 24.5 £ 2.0%, tBHPOJA 81.4 +
2.2%% et GFEE M1 fraction® Z71E §951HA
(b €0.05) A= EoE wgon 27 Po) B w3
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ztol e FoAdo] depA] epdith B XA AYE B
9 = Bg $£3 XA A M1 fractione Z+2 67.6 +

4.8%, 66.2 + 3.0%, 71.5 + 2.9%%c} (Fig. 5B).
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Fig. 4. Effect of GFE on the levels of ROS and GSH

(A) ROS level was measured after DCF—DA staining for 15 min
and the fluorescence intensity was expressed as percentage of
control. (B) GSH contents were measured in cell homogenates as
described in material and method section. Values are expressed
as the mean =+ SD. The different letters (a—d) indicate significant
differences (o ¢ 0.05).
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(A) MMP was measured by flow cytometry using Rh123. (B) M1 fraction with low Rh123 fluorescence intensity was counted as an indication
of MMP destruction. Values are expressed as the mean * SD. The different letters (a—c) indicate sianificant differences (o < 0.05).
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6. GFE7} Q14tslel MAPK®] @3 o] njx]+= f3}

AGS Alzo|A GFES FA|ZAEAL & FAkst aFi)
MAPK A&7 29 A#AHZ A7 Y3fl extracellular—
signal regulated kinase (ERK), c—Jun N—terminal kinase
(JNK), p38 @] Bra-& xAMSIGiTh tBHPO <3) <14k
3hEl MAPKY] W& o] F71E o] AGS9| 43 AEH A Ao
MAPK 437327} 43dS & 4= It GFEE= tBHPO|

A A Eo A 23] A7) Al

BT §3} 27

o3 $7He p—ERKS] H& S BHA g A5t §9
AL el gkt =3 GFEE $7HE p—JNKS} p—p38
O UHE S s olhgo g AP 45X XAe}F 2] XA}
Apolol| A A& Apol= WEhbA] sttt (Fig, 6). ol2igt
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Expression of phosphorylated MAPK protein was monitored by Western blot analysis after 24 h incubation of GFE and 30 min exposure of
tBHP. Actin was measured as an internal control. Bar graphs show the band density of Western blot. Data represent the mean £ SD of
three separate experiments. The different letters (a—c) indicate sianificant differences (o  0.05).
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A0 7] tBHPE AHESHY] §=5t4th. tBHP= AT AL
AtEE o]E¢em TUNEL @A F3l AZAEAE §3
Az &g AstE FE2TE Flstint. 4 2A= o=t
AZAEE SRSt B3] T3] KA} vlmske] A%
22 MRR g BE 23 AT Sad AEAEE
3% 9 FATAYA B ehhsiet,

A ZAE AL A ofl= ROSS] Z7H7F 5% #H2hE 11 ROSY)
B AAFA Q) AL A EAEALY] A Fo|oh* 19 T F o] A}
YA AAsgo] AYA Fe A9 rBE A
Aol AgE o] ROSO Aol S7FHAIT MZU 4kt Al
do] BAAFIE ROS £2E Yo BEY 4 ook,
ROS®] Tt} Aol Z4EA) Eabwl A, Guld, DNA
gt AFSHA Aol dojubA Hrk, 2 Aol 4] tBHPo| 93]
ROS7}F 3718l evt A& 2589 9fsf adS skt
AZY A A|AEL catalase, super oxide dismutase @F
2e PAS AL GSHS 2L MEAY JUSBLE 14
e As AEH A R4 GSHE #HAHEHE, ROS, free
radical & AATCEZHN 715 W33t tBHP= A= GSHS
LZANE AR FYA glon!') H Ao = ROS 4
Y B=F F7telA UEhd vhel Zro] tBHPY| o8 GSH
o] AASHA AaFHA, SR AR FE2E2 174"
GSH 528 SBAZ o 20d Azl vjs) 475 wael
e 57 AAE  Ye EBE wet ol (BHPZ A%
Az &4 AAE By £ £ A7 Edi A
TR ERE el A A, SR AE e A
Efaod AEF HEo F& X AV M 59 Al
B3 28-S W3S AR LPSE 852 #4d uhea
RN ZNNE AAE BEo Be 23] A7} /M S48
T B BYH?, B4 xAbe} vjwsts] PE RE o
52 A A2k LPSol| 93 arh ' H iNOSe COX—25
oAt IL—-148%} IL-62F Z+2 proinflammatory cytokine
of A4 folaA Asfetsict

nNEZEgol= Al AP HARE 24t H 8T 9
T ote Al 27|80 2 nEZ =0t Atg} 42 -3}
W we AW Baol deh?. Fast A2 FHo| AR
Aol A nEZEgote] AR w oA BEsHA A H
ROSE mlEEelo} B S(MMP)e] WSS Zafeln vER
o} o &4fol ofat AEARE G, (BHPo o
MMP9] ¥i3l= £ Aoz gelo] HRem XA} MMP
£ oSt ENE BT web 2% A4 AT GSH
FEE F7HIZIA ROS S HaAA A AEYAE
Ao 2H MMPE §A5hn SHEAEA B3HE vhehd
ot & 4= ok AlZAME A5 f=E o Bel-2 AE @
Wzl 29 ZAAE ZE3t=d proapoptotic Bel—2%}
antiapoptotic Bel—2 Ato]Q] & o] 7R H A ZAE AL
o5t T A B a4l caspase—9 X 31$] caspase—37}
AP &2 Aol A& tBHPO| 93 proapoptotic
protein] Bax?] ¥&-& Z7}lE 3l antiapoptotic protein?l
Bol-2¢] Wl g, 24 AR ol U
UE WIS control 0 7HEA S EAA FAZAEAL
A5 JeEQT} Procaspase= A& o] &AEH 9] caspase
7} Hed £ Ago| A= tBHP7} procaspase—9, —32] @&

N
=

oo o
el o B>

[o rlo

FE=3H caspase?] Bl 7t A ZAEAE F=
sQlat 4= 919t tBHP| 93t 7H4 % procaspase?)
GFE®] 23] 3|25 o] GFE7} caspase?] Z431E o
= & o A3tk o] AIh= procaspased] WE WSS
53l caspased] B4 IHHA o= W 2 AR OE GFEZ}
cleaved caspase] W& FA vjxEe FFS ¢ AHE F
871 Qi

MAPKE & S99 AZ AsHD wjfz=A Az A
Zak 23t 9 APE 2-Eo| Fagt 98-S @t o
extracellular—signal regulated kinase (ERK), c—Jun
N—terminal kinase (JNK), p382] subfamily®Z 4= o]
QUTFh ) ERKE A AAeIAte] Alsdge] 32 Hojsin
Aze] F4 9 J3te] 3 g gggitt,
stress kinase2 27 5= JNKS} p38S Alsla AEFA &
= TNF& Z-& cytokine Fof §E-g-sto] Al AbE o] yhojdt
o9 ojRA o= tBHPS AelstA =W MAPK7} ¢14kstel
T Aol A ok ATAEQ HIC200A tBHPO 9|3
MAPK9] Ql4th7t f=E o™ WA Zel HUVECH]
Xl+= p38 inhibitor7} tBHP)| &J3t A =4S Z4AA7|1
caspase BA3}ol| AAEIE Ho] tBHPE G=H AEZ AMgE
oA Fad ATL s Aoz FAHJRY, B AT A
A3 9 A A Zo M= tBHPO 93 MAPKS] 1437}
F=E At shARE =2 X724 98] p-JNKe} p—p38<9]
do] AR = PO o] Abst AEH AR QIZ AL EAFof A
Yehs 2] 2249 Al Z BS ZgofA] BEAH o Z MAPK
AS AA7E B on|gitt,

olAo] AIEZHE tBHP| 93 FE=H Ats} AEFH A
7 AZ Abde] ot =2 Ao M BE aiks Fls)
Aok, A AR FAZAEA E FAsE S4E Fa 7
oFt 9] AuAE HE aiE velct, ol A= T
ool A u] {7} kgt AAFEA =2 NAE AstHd A
off tigt #3hHQl EAE FEHCE AT T 5= it

o it

g

-

2
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e
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oA tBHPE A8t AEHAS

7HE § ANz AR5 FHE HER 59
2 22 Al BE a3b5 elstux) stglen 1
= oS3 2o

>

Jo]

o
—

°©
p=k
=5
2
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1. $2) A= o A S0 o5t N y&Es ALaE
o5t Ao tBHPE =8 Al Ao of
sto] Folgt FAZAEA AE Bt 3] XA
A EAEAL A= caspase?t Bel-2 ¥ Bax g
Aol IS A o2 A e

2. %X XA (BHPO 93] %=t A4H ROS £52
FaART nZE GSHY 4£Ee /MR F

Akt BE ey glct,
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3. $X A= A AEH AR &AME MMPe WHIlE
3| Fom tBHPY 93 F7HE p—JNKS p—p38
MAPKS| &@& A5t

wabd 2] A= tBHP|| 93 A8t AEF AR G2H
H A A ZY MAPK 148k MMPY] £&/44-2 AT EH
gAket 9 A ZAEAL a3 YEPH T AE BS E4S
1AL & 4 Qi
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